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Although NN4B records the ethnic category of the baby as defined by the mother, and Maternity HES records mother's ethnic category, 87 per cent of the linked records had the same ethnic group.
Conclusion
Even though a good linkage rate was obtained, the method used will be simplified before data for 2007 are linked. To gain the maximum benefit from this linkage in future years, improvements are urgently needed in the quality and completeness of the data contained in Maternity HES. List of Tables   Table 1 Number Table 3 Comparison of plurality between registration and maternity HES, 2005 and 2006.. 13 
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Introduction
The data recorded at birth registration are mainly socio-demographic such as names, address of residence, place of birth, occupation of the parents and date of birth (shown in Office for National Statistics publication series DH3). As a result some important items needed for demographic and clinical purposes are not available at a national level. The opportunity to obtain gestational age and ethnicity nationally was provided by the introduction of the NHS Numbers for Babies (NN4B) Service in 2002. This service collects a small dataset which contains key items which are not recorded at birth registration. Information on gestational age at birth is of key importance. Babies born preterm, before 37 completed weeks of gestation, are at particular risk of morbidity and mortality in early years of life (Brocklehurst P, 1999 (Hilder et al., 2007 and . birth registration -NN4B linked data were not available. Therefore these data will be linked to Maternity HES and corresponding Welsh records at a later date using the experience gained in linking the first two years' data. This article describes linkage to Maternity HES records and reports on its data quality and completeness. The Welsh linkage for the first two years will be reported later.
Several data items are common to all three sources (Maternity HES, birth registration and NHS Numbers for Babies) as shown in Box 1. In addition, some data items are unique to each data source and linkage will enable new analyses across these data sources. For example, it will be possible to analyse caesarean section rates by father's socio-economic classification, compare time of birth with birth outcomes, and report on time and method of delivery by day of the week. Once the linkage has been completed and checked, the next stage of the project will be to undertake some of these analyses. 
Box
Methods
Source data
Birth registration
It is a legal requirement to register all live births within 42 days of birth. The definition of a live birth, the legal basis, the process and a complete list of data items collected, are described in detail elsewhere (Office for National Statistics publication series DH3). The information is obtained, usually from one or both parents, by the local registrar of births, marriages and deaths. The local child health department passes some information from the birth notification it receives from the midwives to the registrar to verify the birth. Since 1975 this has included the baby's birthweight and since 2002 the NHS number (National Health Service Act 1977).
The process for registration of stillbirths is similar to that for live births, except that registrars do not retain the NHS number for a stillbirth and the informant will also give the registrar a medical certificate of stillbirth completed by the attending midwife or doctor. This certifies the cause of death and includes an assessment of gestational age at birth and birthweight.
NHS Numbers for Babies (NN4B) service
The NHS Numbers for Babies Service was set up to issue an NHS number to all babies soon after birth: it went live in 2002. Under this system a standardised set of information about each birth is notified electronically, usually by the midwife attending the birth, to the Central Issuing System which checks for duplicates. If there is no existing record with the same details, the system returns a newly generated NHS number to the agency notifying the birth. If a number has already been issued, the system will return a message indicating that a record with matching details already exists. The notifier is required to check this record against the details of the baby they have just entered and use the existing number if a match is found. If no match is found then the notifier will proceed to obtain the NHS number using the NN4B Child Health Browser, or remotely by telephone from the NHS Number Issue Helpdesk if the browser is unavailable.
Records are held for six months on the Central Issuing System and then deleted. When the NHS number is issued, a copy of the information is sent to the local child health system where the birth occurred and a limited dataset, including the NHS number, to the NHS Central Register.
In the first part of the project, arrangements were made for ONS to receive a subset of variables from the NN4B dataset from 2005 onwards for linkage to birth registration record.
Maternity Hospital Episode Statistics (HES)
Maternity Hospital Episode Statistics contains data for all births occurring in England, including those at home and in non-NHS hospitals. There are however, some data items not recorded for births outside NHS hospitals such as admission/discharge dates or patient classification. HES includes a wide range of information on maternity such as details on how the baby was born (method of delivery), method of onset of labour, complications, gestation and ethnicity as well as information about the baby, such as date of birth, gender, birthweight and geographical information on where the baby was born.
Most records of admission to hospital will be classed as general inpatient episodes, even when heavily pregnant women are admitted to maternity wards with the clear intention of giving birth. However, as soon as the mother has given birth, the record becomes a maternity record and is updated and extended before being submitted to HES. If the pregnant woman does not give birth, for whatever reason, before the episode ends, the record remains as a general inpatient record (known as a general episode in HES).
There are two types of maternity records in HES, the delivery record and the birth record. Both types of records consist of an admitted patient care record with an additional 19 fields, in an appended baby 'tail'.

A delivery record is a HES record for the mother containing the same data as a general record, but has a baby tail for information about the delivery  A birth record is a HES record for the baby. Again it has the same format as a general record but it also has a baby tail containing exactly the same information recorded in the corresponding tail of the delivery record
The baby tail data coverage is not as complete as the rest of the HES data (HES website). There are a number of reasons for the incompleteness and data quality issues, such as: HES Patient ID (HESID) is an identifier used to track patients through the HES database, or for linkage to other datasets such as mortality, rather than using patient identifiers such as NHS Number. It is a pseudonymised number which uniquely identifies each patient without the necessity of viewing or using patient identifiable information such as the NHS Number. HESID is derived using a matching algorithm which looks at various combinations of the following patient identifiable fields: For each episode of care with a particular consultant or midwife, a HES record is created, but each time this record is updated with new information, a new version of the record is created. As a result, several versions of the record of the same episode are created.
Record linkage
Record linkage was carried out by Northgate Solutions, which processes HES records under contract with the NHS Information Centre. For details on linkage of registration and NN4B linked data to the mother and baby records in HES, see Appendix.
The linked data for each year (2005 and 2006) consisted of previously linked registration and NN4B data linked to the mother record in HES, and a second file based on linkage of previously linked registration and NN4B data to the baby record in HES. These were provided to ONS and were accessed by researchers from City University London in the secure environment of the Virtual Microdata Laboratory (VML) facilities at ONS. Outputs of analyses undertaken in the VML were released by ONS in the form of disclosure controlled tables.
Data Quality
Review of quality of Maternity HES was based on completeness and consistency of the HES data in relation to birth registration data wherever possible. Since all babies born in England and Wales have to be registered, information collected at registration is subject to quality checks (Office for National Statistics publication series DH3). However, where information was not available from registration, NN4B data were used to validate the quality of Maternity HES. The quality of the NN4B data in comparison to birth registration data is reported elsewhere . Completeness of the main data items in all three sources was measured by identifying missing data.
The linked data for the mothers file was split into singleton and multiple births (using multiple birth status information from registration) to ease assessment of data quality. In some instances the results are reported separately.
Results for 2005 are reported in this paper and 2006 results are available on the ONS website in a spreadsheet
Data analyses were carried out using SAS version 9 and SPSS version 16.
Office for National Statistics
Results
Mother file
The Maternity HES record is a mother-based record containing the mother's details with a maternity tail and a baby tail which can accommodate up to nine babies born in one maternity. In contrast, the registration and NN4B linked data consists of one record per baby. Therefore, the linkage was based on baby to mother record. Around 64 per cent of the linked registration and NN4B records were linked to Maternity HES records using mother's NHS number and partial date of birth.
A further 27 per cent of the linked registration and NN4B records were matched to Maternity HES using mother's postcode and date of birth. Registration and NN4B linked records that were not linked to HES accounted for 8 per cent of all records. Of the Maternity HES records, 3 per cent did not link to registration and NN4B linked records.
Overall, there were 50,380 singletons and 1,265 multiples in the registration and NN4B linked data that were not linked to HES records. This gave a total 565,968 Maternity HES records that were linked to the registration and NN4B linked records giving a linkage rate of 91.6 per cent. The linkage rate for 2006 was similar at 91.3 per cent.
Baby file
The baby file was much more straightforward than the mother file as it involved a one to one link between baby records in registration and NN4B linked data, and Maternity HES.
For 2005, a total of 686,087 HES baby records were linked to registration and NN4B linked data by Northgate solutions. These included 128,482 records that were general episodes. After omitting these, there were 557,605 HES baby records that had been linked to registration and NN4B linked data. There were multiple HES birth records for the same baby linked to registration and NN4B linked record. Again only the records with the most information were kept and others were deleted. 
Data Quality
For HES, missing and discordant data were assessed only in the mother record -as this included information on the baby, and also because the linkage rate was far better than the baby record. For multiple births information was recorded only on the first baby; data on other babies was either missing or the same as the first baby suggesting there were problems in the linkage process in HES. Hence singleton and multiple births were analysed separately and only results for singletons are reported here.
Missing data
The mother's NHS number is recorded only on the NN4B record and not recorded at birth registration. For singleton births, 30 per cent of registration and NN4B linked records did not have the mother's NHS number compared with three per cent in the Maternity HES records. In Maternity HES, birthweight and gestational age information was missing for 25 per cent and 48 per cent of singletons respectively. Status of baby, date of birth of baby and sex of baby was missing in over 25 per cent of the records (Table 1) . Similar results were observed in 2006 (Table 2) . 
Discordant data Discordance in common individual data items
Discordance in each of the common data fields in the linked records was assessed using information from birth registration rather than NN4B. However, for data items that were not recorded at birth registration, NN4B data were used. 
Source: HES and registration
Discordance in baby's sex
The sex of the baby recorded on birth registration for singleton births was used to compare with Maternity HES. In 2005 where baby's sex was stated in both data sources, an agreement of 99 per cent was observed ( 
Source: HES and registration
Discordance in birthweight
Birthweights in birth registration data were grouped into 500g groups and compared with grouped birthweights from Maternity HES. In terms of concordance between the two data sources, 99 per cent of records with stated birthweight were in the same 500g birthweight group. This amounts to only 75 per cent of all linked records because birthweight was not stated on a large number of records. In Maternity HES, birthweight was missing in 25 per cent of the records compared with only 0.2 per cent in birth registration data (Table 6 ). Similar findings were also observed with the 2006 data (99 per cent concordance between the two data sources where birthweight was stated) and these can be found in Table 1 on the web. (Table 7) . For Maternity HES data 48 per cent of records had gestational age e differed by one week in around 7 per cent of the records, and nt of the records. There was a large variation in gestational in the 'tails' for those under 30 weeks and over 42 weeks, but occurred in these gestational age groups. The difference ranged from 20 nt for those under 30 weeks. At 43 weeks, gestational age differed in about half of the ecords and it decreased further to a third of all records at 44 weeks and over.
or 2006 there was agreement between the two sources in 90 per cent of records which contained estational age from Maternity HES and NN4B (Table 2 on the web). (Table 8) . T Out of all th a F HES 16 per n aby's ethnicity from the NN4B dataset and mother's ethnicity from Maternity HES were compared here was agreement in 87 per cent of the records which had a stated ethnic category. e linked records, 19 per cent of records had no ethnicity recorded in Maternity HES, nd in 11 per cent of records ethnic group was not stated in the NN4B dataset.
or 2006 data the ethnic category was the same in 87 per cent of the linked records. In Maternity cent of records had no ethnicity recorded and 10 per cent of records had ethnic group ot stated in the NN4B dataset (Table 3 on the web). 
Discussion
N linkage and Maternity HES records (mother and baby records) to registra were however, some issues with the NN4B linked records were linked to t patient ident requested) were requested. Furthermore, HES be reviewed rest were deleted. Hence, a conside files con mother, and one HES b The linkage s T number and partial date nearly a third of the registration and Maternity HES records. A further quarter of the registration a using date o postcode in postcode of recorded at baby and this variable is linkage rate further if the h T the linkage r a orthgate Solutions designed part of the linkage algorithm based on its previous experience of this was enhanced by the authors to improve the linkage rate. Northgate also linked tion and NN4B linked data. There linked file as in some cases more than one registration and he same Maternity HES record using different combinations of ifiable information. Also in the mother file, delivery records were provided (as but in the baby file both birth and general episodes were provided when only the former data included multiple records for each episode. These had to to identify the record with the most information that should be kept for analysis and the rable amount of time was spent in cleaning the files. The final sisted of one maternity record linked to a registration and NN4B linked record for the aby record linked to a registration and NN4B linked record for the baby. method used by Northgate Solutions will be simplified before data for 2007 are linked, o that a maternity HES record is linked to a single linked registration and NN4B record.
wo-thirds of the registration and NN4B records were linked to the HES mother record using NHS of birth. This was not surprising as mother's NHS number was missing in NN4B linked records and also a very small proportion of nd NN4B linked records were linked f birth or month and year or birth, and postcode. There were concerns about using the linkage algorithm, as the HES index used for linkage is derived using current residence of the mother and the postcode on registration and NN4B linked data was the time of registration. It is possible the mother could have moved since having the also subject to recording and reporting errors. Despite this, an overall of over 90 per cent was achieved for both 2005 and 2006 . This could have improved re was a shorter delay before linkage was carried out, as HESID would be less likely to ave changed, or if HESID at birth was retained as a separate field for linkage.
he linkage rate for registration and NN4B linked data to HES baby record was slightly lower than ate for the mother record. This was not surprising, as large proportion of 'baby tails' re known to be missing in Maternity HES (see HES website) H NN4B linked data to HES mother re on HES was in the HES mother record. Information was often recorded f remaining multiples different. Multiple birth q D linked recor to be more reliable as o ES mother records include information on the baby, and as the linkage rate for registration and cords was better than the baby records quality of information assessed using the mother records. There were however, issues with multiple births or the first baby only and for the it was either missing or the same as the first baby. But in very few cases it was status was also unknown in a fifth of the records. Further work to assess uality of data on multiple births is necessary before it could be used for any analyses.
iscrepancy in the recording of live/still birth status for singleton babies was found in 5 in 10,000 ds in 2005, and 2 in 1,000 records in 2006. Classification at birth registration is judged a medical certificate of stillbirth is required to register a stillbirth. Also a third f the HES records did not have any information on birth status; this is a much higher proportion than found in pilot study involving linkage of Maternity HES data for one month to birth registration (Abraham C et al., 2002) .
Birthweight was missing in a quarter of all linked Maternity HES records for singletons babies, compared with only 0.2 per cent at birth registration. There was however, good concordance between the two data sources where birthweight was stated, as 99 per cent of records were in the same 500g birthweight group. Missing birthweights are investigated by ONS by going back to registrars and also to child health departments. Therefore the quality of birthweight information on registration is expected to be better and more reliable than in Maternity HES.
Gestational age is not recorded at registration for live births but is available from the NN4B data. This records gestational age in weeks 'calculated from relevant menstrual data held within the maternity system' whereas Maternity HES specifies 'time from the first day of the last menstrual period (LMP)'. Where this is not available an estimate is supposed to be recorded. However, it is likely the gestational age assessed by ultrasound is now used because second trimester scans are a routine part of antenatal assessment in Britain. A study of births at 27/28 weeks of gestational age in England, Wales, and Northern Ireland between 1998 and 2000 showed that 79 per cent of the mothers had had an ultrasound before 20 weeks gestation, and 85 per cent had had menstrual history recorded (Confidential Enquiry into Stillbirths and Deaths in Infancy, 2001). Gestational age distributions have been shown to differ depending on the method used to assess gestational age. Studies have shown that if second trimester ultrasound is used rather than LMP, then the mean gestational age is one week less. However, gestational age differed by one week in only 7 per cent of the linked records. Of all the linked records, nearly half of the HES records had no information on gestational age, and where gestational age was stated it was in good agreement with NN4B in majority of the records.
The NN4B system requests information on the ethnic category of the baby, as defined by the mother using the 2001 Census categories . On the Maternity HES record it is the mother's ethnicity which is self-selected using the 2001 Census categories. It is however, unclear in both of these data sources, whether the mother was involved in defining the ethnic category or the health professional decided what to record rather than asking the mother. In practice it is likely to be a mixture of both, and although the ethnic category of the baby is requested in NN4B it is not possible to know whose ethnicity was actually recorded, the mother's or the baby's. A further consideration is that people's identification with an ethnic group is not always straightforward and individual responses, whether self-reported or not, may vary according to circumstances and over time. Despite these limitations, in over 80 per cent of the linked records mother's ethnicity was the same as that of the baby. In 4.2 per cent of records mother's ethnicity has been categorised as 'White British' and baby's ethnicity has been categorised as 'White other' or vice versa. This suggests that father's ethnicity may have been taken into consideration in recording the baby's ethnic category on the NN4B data and this is more likely to have been defined by the mother.
Conclusion
This study shows that it is possible to link the majority (90 per cent) of Maternity HES records to registration and NN4B linked records, but the method used for linkage by Northgate Solutions needs to be amended before it is used to link data for future years. Linkage would be beneficial, and should be carried out routinely, if data quality and completeness improves in Maternity HES. However, at national level, information such as parity, method of delivery, complications in pregnancy is only available from Maternity HES, so linkage would be necessary to access this information, together with the data obtained from birth registration and NN4B.
Birth registration and NN4B are more reliable sources of data than Maternity HES. But where data have been recorded they are in good concordance with birth registration or NN4B, but there were a large proportion of linked records where information was not recorded on Maternity HES.
Box A1
The filters used by Northgate Solutions to extract HES records for mother and baby For the registration and NN4B linked data, indirect identifiers were used for linkage of records where the mother's NHS number was missing. These included different combinations of mother's date of birth, postcode, and baby's date of birth. A pilot study, using registration and NN4B linked data for all babies that were born in January 2005, was carried out to test the algorithm compiled by Northgate Solutions, involving stages 1-3 as shown in Table A1 . This was based on their previous experience of linking mortality registration records to HES.
Examination of the unlinked registration and NN4B linked data and maternity HES records showed that the linkage rate could be improved by using partial information, such as month and year of birth or first four characters of postcode. Therefore further stages were added to the algorithms used for linking the mother and baby records before the annual registration and NN4B linked data files for 2005 and 2006 were sent to Northgate Solutions. The final algorithm used to link mothers records to the registration and NN4B linked data involved 9 stages, of which linked records were obtained only from stages 1, 2 and 5 (Table A1) . A variable indicating stage of algorithm used for linking HES records to the registration and NN4B linked dataset was provided by Northgate Solutions. 
Source: HES
Linkage for babies' records consisted of five stages of an algorithm which included a mix of baby's NHS number, date of birth and postcode. The records were linked using all the stages (Table A2) . 
In some instances, after the first appropriate stage of the algorithm was applied leading to a HES record being linked to a registration and NN4B linked record, using further stages of the algorithm, the same HES record was linked again to a different registration and NN4B linked record. These were identified using the HESID. Records that were uniquely linked using either stages 1 or 2 of the algorithm were kept for analysis and the rest were examined manually to see whether data items such as date of birth of mother, date of birth of baby and postcode were consistent on HES and registration and NN4B linked file. Linkage to HES was deleted for records where the data items were inconsistent.
In addition, the data sent by Northgate Solutions contained multiple records for each HESID. These were identified using the variable Epikey. Multiple epikeys were present for both the mother and baby records. The record with the highest epikey was kept as this contained information for most of the variables required for analysis and all others were deleted.
Northgate Solutions had used the HES index to link the Maternity HES records to registration and NN4B linked data. Registration and NN4B linked records for 2005 and 2006 were linked using the most recent HES index and this might have contributed to some discrepancies in the linkage rate.
